
Europalschee Patontatht 
European: Patent Office 
Office europeen das brevets 




@ Publication number : 0 



EUROPEAN PATENT APPUfcATION 



<5) Application number: S0314221.4 
<§) Date of filing : 24.12.90 



C12N 15/31, C12N 15/48, 
C12N 15/57. A61K 48/00. 
C12N 15/16, //C12N15/17, 
C12N15/24, C12N15/56, 
C12N15/53. C12N15/55 



Bl 



© Priority : 22.12-89 US 456095 
14.06.90 US 538276 


® Inventor : Murphy, John R. 
.'• 15 Astra - • . 

Wayland, Massachusetts 01778 (US) 


(40) Date oT publication of application : 
07-08.91 Bulletin *1/32 

<S) Designated Contracting States : 


@ Representative : Deans, Michael John Percy e 

Uoyd Wise, Tregear & CO. Norman House 
105-109 Strand 


^ AT BE CH DE DK ES FRGB GRIT U LU NLSE 
@ Applicant : SERAGEN, INC. 


London WC2R OAE (GB) 


97 South Street 
Hopklrrton, MA 01748 (US) 





(g) Hybrid molecules having translocation region and cell-binding region. 



) A hybrid molecule Induding a first part, a second part arid a thW ■ 

<a) the hrst part Including a portion of the binding dbmairi of a ceil-Wntfing ligahd. which 
able to cause tiW h to bind to an animal celt ; ^ > 

(b) the second part including a portion of a trandocabon domain of a protein, which portion is 
capable of translocating the third pact across the cytopiasmic membrane of the cell ; and 

(c) the thW part Induding a chemical ertti^ to be Introduced Into the cell* provided that (i) the hybrid 
molecule is produced by expression of a recombinant DNA molecule encoding the hybrid molecule, and 
(0) foe second a^ 

a recombinant DNA mdecule encoding the hybrid molecule ; arid 
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HYBRID MOLECULES HAVING TRANSLOCATION REGION AND CELL-BINDING REGION 

Background of the Invention 

This invention relates to hybrid ri^ecules having a celMjirtf ^ 

The literature contains many examples of fused genes which code for hybrid proteins. For example, Villa- 
Komaroff et aL, Pipe, Natl. Acad, Sd. U.S.A. 75 : 3727-3731, 1978; describes a fused gene made up of a 
eukaryotic structural gene fused to a non-cytoplasmic bacterial gene. The fused gene codes for a hybrid protein 
which is transported out of the cytoplasm. 

Hybrid proteins also have been made by other methods (e.g., the coupling of two different protein 
molecules) which do not involve recombinant DNA techniques. For example. It has been proposed to form, by 
coupling, therapeutic hybrid proteins consisting of portions of toxin molecules coupled to a ligand capable of 
binding specifically to a selected class of cells. One attempt to make such a hybrid protein, reported in Chang 
etaL, J. Bid, Chem, 252:1515-1522, 1977. resulted in a hybrid consisting of the diphtheria toxin A chain coup- 
led to human placental lactogen hormone by cross-linking through a disulfide bond. Although the hybrid protein 
bound to cells containing lactogen receptors, it did not inhibit protein synthesis in those cells. 

A hybrid protein consisting of toe^ri^ A chain coupled to the p chain of human chorionic gonadotropin 
hormone by similarly cross-finking through a disulfide bond has also been ported ; although said to have 
specifity, its binding capacity has hot been reported. Furthermore, extremely high concentrations were required 
to significantly inhibit protein synthesis in rat Leydig tumor cells, making it difficult to distinguish between •non- 
specific" entry caused by endocytosis and "specific" entry caused by transport of the toxic portion of the hybrid 
across the cytoplasmic membrane of the target cells (Oeltman et at, J. Bid. Chem. 254 :1028-1032, 1979J* 
The same shortcoming was found in a hybrid protein consisting of diphtheria A coupled to insulin using cys- 
tamine as the cross-linking agent (Miskimins et at* Biochem. Biophys. Res. Commuru 91 rf43-151, 1979). A 
hybnd consisting of ricin A coupled to epidermal growth factor (EGF) by means of a heterobifunctional cross- 
linker has also been made ; the binding characteristics provided by the EGF are rK^ 1^ 
but rather encompass a wide variety of cell types (Cawley et ah. Cell 22 :563-570, 1980), 

As illustrated to Fig. 1, the natural diphtheria toxin molecule consists of several functional "domains" which 
can be characterized, starting at the amino terminal end of the molecule, as hydrophobic leader signal sequence 
s (amino acids VaL26- Ala-i) ; enzymatically-active Fragment A (amino adds Gly, - Arg 1w ) ; the protease-sen- 
sitive disulfide loop I, (amino acids Cys 186 - Cys^O, contsdning a deavao^ dornain ; and Fragment B (amino 
adds Se^^-Ser^js), which includes a translocation domain and a generalized binding domain flanking a second 
disulfide loop (t, amino adds Cys 4 at- Cys 4 7 1 ). 

The process by which diphthena toxin intoxicates sensitrve eukaryotic cells involves at least the following 
steps ; (i) the binding domain of diphtheria toxin binds to specific receptors on the surface of a sensitive cell , 
(ii) while bound to its receptor, the toxin molecule is internalized into an endocytic vesicle ; (iii) either prior to 
intenializatton, or within toe e^ 

fragments A and B ; (iv) as the pH of the endocytic veside decreases to below 6, the toxin spontaneously inserts 
hto the endosomal membrane ; (v) once embedded In the membrane, the transtocatfen dd^ 
facilitates the del ivery of Fragment A into the cytosol ^(vO the c^ytfc act^ the nicou- 

namide adenine dinudeotide - dependent adenosine diphosphate (ADP) ribosylation of the eukaryotic protein 
synthesis factor termed "Elongation Factor 2") causes the death of the intoxicated cell. It is apparent that a 
single mdecule of Fragment A introduced into the cytosd Is sufficient to shut down me raO's protein synthesis 
machinery and kffl toe ceU. The mechanism 
other naturany-occurring toxins, is very similar. 

Summary of the Invention 

In general, the invention features, in one aspect a hybrid molecule induding a first part a second part 
and a third part connected by covalent bonds, 

(a) the first part including a portion of the binding domain of a cell-binding ligand, which portion is able to 
cause the hybrid molecule of the invention to bind to an animal cell ; 

(b) the second part induding a portion of a translocation domain of a protein, which portion is capable of 
translocating the third part across the cytoplasmic membrane of the cell ; and 

(c) the third part including a chemical entity (here, a polypeptide) to be Introduced into toe cell, provided 
that (i) the hybrid molecule is produced by expression of a recombinant DNA molecule encoding the hybrid 
molecule, and (ii) the second and third parts are not segments of the same riaturair/KKXwing polypeptide 

• ' 2 
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toxin, (although the first and second parts may be derived from the same toxin : e.g., diphtheria toxin or 
Pseudomonas exotoxin A). Translocation" here means the facilitation of movement of a chemical entity 

5 from me exterior surface of a cellular membrane (or what constituted the exterior surface prior to formation 

of on endocytic vesicle), through the membrane, and into the cytosol at me ln^ 
cation domain" is a segmentof a protein whk^ when me prctein is bound to me exterior surface of a cellular 
membrane, is capable of translocating some portion of that protein through the membrane. 
The invention also features a hybrid molecule including a first part, a second part, and a third part connected 

10 by covalent bonds, 

(a) me first part including a portion of the binding domain of a cell-binding ligand (which may be a polypep- 
tide ligand or may be another type of ligand such as a steroid hormone), which portion Is effective to cause 
the hybrid molecule to bind to a cell of an animal ; 

(b) the second part Including a portion of a translocation domain of a protein, which portion is capable of 
15 translocating the third part across the cytoplasmic membrane of the cell ; and 

(c) the third part including a chemical entity (which may or may not be a polypepticje) to be introduced into 
the ceo, provided that (t) the first and second parts are not segments of the same natorally^ccumng 
polypeptide toxin, and (ii) likewise, the second and third parts are not seg^nts of me sarrw naturally-occur- 
ring polypeptide toxin. 

ab In preferred embodiments, the second part of either type of hybrid molecule described above comprises 
at least a portion of the translocation domalrf of a raturally-occurring toxin (e^. diphtheria^ to 
Pseudomonas exotoxin A), and the ligand comprises a hormone (e.g., a polypeptide hormone such as insulin, 
fnterieukin II (also termed "IL2"), Interfeukin IV, Intedeukin VI or EGF) ; an antigen^lndtng. single-chain analog 
of a monoclonal antibody ; or a polypeptide toxin capable of binding to ma d 

25 parts are polypeptides, the hybrid molecule Is preferably a recombinant protein (that Is, a protein produced by 
recombinant DNA techniques). More preferably, the third part is an antigen-binding, single-chain analog of a 
monoclonal antibody (where such antigen Is, for example; a viral protein stjch as m 
virus (HIV) protease), or alternatively, the enzyn^bcaliy active portion of an en 
a>1 v4^hico$idase ; phenylalanine hydroxylase ; a protease , a nu^ 

30 toxin, C3 toxin, Shiga toxin, £.coli Shiga-Jike toxin, ricin toxin, pertussis toxin, tetanus toxin, diphtheria toxin or 
Pseudomonas exotoxin A), and most preferably it supplies an enzymatic activity in which the cell is deficient : 
as, for example, in the case of a genetic deficiency. Where the enzyme is cholera toxin, the resulting hybrid 
molecule may be used to raise the cyclic AMP level within a target animal cell : preferably, the target cell so 
treated is a T-ceH and the hybrid mdecule indudes at l^ Thehybrid 

55 molecule of the invention indudes the cholera 
the plasmid fl^^ 

the plasmid illustrated in Fig. 9; the ricih A/diphtheria toxin B'/IL2 hybrid polypeptide enc^ 
illustrated in Fig, 12 ; the phenylalanine hydroxylase/diphtherfa toxin fragment B hybrid polypeptide encoded 
by the plasmid illustrated in Fig. 14 ; an HIV protease-binding protein (HIVP-BPydiphtherla toxin B7IL2 hybrid 
w- polypeptide prepared as hereinafter described ; and a Shiga^like toxin A/IL2 hybrid in which both the enzymatic 
activity and the translocation function are provided by the Shiga-4ike toxin A portion of the hybrid, and which 
c^t^ira a pro active mutational analogs of 

any of me aJwve hybrid polypeptides. As used he^^ 

which exhibits the same type of cell-binding spedfidty and the same type of biological activity (e g., a particular 
45 enzymatic or antigen-binding activity) as the listed hybrid polypeptide of which it is an analog, but which differs 
from such listed hybrid polypeptide by one or more deletions and/or one or more substitutions of segments of 
one or more amino acid residues. Preferably, the amino acid sequence of the biologically active mutational 
analog shows at least a 70% (more preferably 80% and most preferably 90%) homology (Le.. identity of amino 
add sequence) with the hybrid polypeptide of which it is an analog, and the analog exhibits at least 50% (more 
so preferably, at least 75%) of a biological activity exhfcrted by the hybrid pdypeptide of which It is an analog. 

Also within the invention is a recombinant DNA molecule encoding any of the above hybrid polypeptide 
molecules (induding biologically active mutational analogs), a vector induding such a recombinant DMA 
molecule, a ceH containing such a vector or recombinant DhIA motecule (and which preferably te 
expressing the recombinant DNA molecule to produce the hybrid pdypeptide encoded by it), and a method of 
65 preparing the hybrid polypeptide molecule of the invention by pen^itting a cell containing a recombinant DNA 
molecule encoding the polypeptide (the nransfoimed cefl") to express me recombinant DNA molecule. 

In other preferred embodiments, the third part comprises a detectable label, more preferably a fluorescent 
moiety, a radioactive moiety, or an electron-dense moiety. 

The invention also features a method of labeling adass of cells, which method involves contacting the cells 
with a hybrid molecule having a third part comprising a detectable label , 
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Also included in the invention are (1) a method of treating an animal having a deficiency in a certain enzyme, 
by administering to the animal an effective amount of a hybrid molecule comprising that enzyme ; and (2) a 
method of treating a human patient infected with HIV, by administering to the patient an effective amount of a 
hybrid molecule having 
against HIV protease. 



facilitates entry of the enzymafieaily-acfive region into the cytosol of the cell, and a third region which exhibits 



molecules in which any of these regions may be replaced with functionally comparable regions from other sour- 
ces. That is, the first functional region may be replaced with a particular binding moiety which binds the hybrid 
molecule to a selected class of cells, such as IL2 (which binds to high-affinity IL2 receptor-bearing T-cells), or 
a melanocyte stimulating hormone (aMSH. which binds to melanocytes), or a moiety which binds to a broad 
spectrum of cell types, as is characteristic of the binding domains of cholera toxin and diphtheria toxin ; the 
second part may be taken from any type of polypeptide in which a translocation domain Is Identifiable, but will 
most likely be ftom a toxin mdeoute th^ translocates in a mnnersimflar to diphtheria toxin and Pseudomonas 



the channel in the membrane formed by the translocation domain : for example, a cell-kMing enzyme such as 
Shiga town ; a metabolic enzyme such as phenylalanine hydroxylase (the enzyme In which phenylketonurics 
are deficient) ; an antigen-binding, single-chain analog of a monoclonal antibody against an antigen that 
appears within the target cell ; or a fluorescent label. A proteolyticaBy-sensitive loop (such as I, of diphtheria 
toxin) between the enzymatically-active region of the hybrid and the remainder of the hybrid appears to play 



Although the medical community is rapidly expanding its understanding of the molecular bases of many 
diseases, one problem has particularly frustrated efforts to translate this understanding into rational protocols 
for treating the diseases : the prohlem of how to direct the appropriate therapy into the affected ceils so that It 
can function properly to alleviate or cure the disease. By providing such a method, the present invention will 
have virtually unlimited applications : from treating genetic deficiency diseases by delivering to affected cells 
an enzyme supplying the missing function, to supplementing cellular levels of a particular enzyme or a scarce 

s, cancer 



provide 

The use of a translocation mechanism ensures that the hybrid will be effective In relatively low doses, since a 
high proportion of the substance of interest will be taken into the targeted cells. 

To the extent that the three parts of the hybrids of the invention are polypeptides, they may be manufa<^^^ 
as a single hybrid recombinant protein, permitting reproducibility, consistency, and the precise control of 



ferred embodiments thereof and from the claims. 



The drawings will be briefly described. 



Rg. 1 1s a diagrammatic represeritetidh 

Fig. 2 is a restriction map showing the location and orientation of the diphtheria tox gene on the 3.9 kb 



above ; the B' region is the region between the labeled Sau3A1-2 and Sphl sites. 

Fig. 4 & a diagramrruatic representation of 
of diphtheria toxin. 

Fig. 5 is a representation of the nucleotide sequence of the Vibrio cholerae toxin gene, with amino adds 



Fig. 6 Is a diagrammatic representation of the cloning strategy fotiowed to construct a plasmid encoding 
^erat^ 
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Fig. 7 Is a diagrammatic representation of the doning strategy followed in order to construct the piasmid 
pPA123. . 

Fig. 8 is a representation of the nucleotide sequence of the Expji bacteriophage H19B Shlga-like toxin 
gene, with amino acids shown below corresponding codons. 

Fig; 9 is a diagrammatic representation of a don^ 
a Shiga-ltke toxin A-diphtheHa toxin BML2 hybrid. 

Fig. 10 is a diagrammatic representation of an alternative doning strategy for cxmstmctag a plasmki e^ 
ing a Shiga-ltke toxin A-diphtherta toxin B'4L2 hybrid. 

Fig. 11 is a representation of the nudeotide sequence of the Ridnus communis ricin gene, with amino adds 
shown above conesponding codons ; this figure is adapted from Fig. 2 of Hailing et at (Nud. Adds Res. 
13:801^033,1985), 

Fig. 12 is a diagrammaticrepresentotion of the doning strategy proposed for constructing a piasmid encod- 
ing a ricin A-diphtheria toxin B'-IL2 hybnd. 

Fig. 13 tea representation of the nudeotide sequence of human phenylalanine hydroxylase cDNA, with 
amino adds shown below corresponding codons. 

Fig. 14 is a diagramma6c represe ntatkm of a doning strategy proposed for constructing a piasmid encoding 
a phenylalanine hydroxylase-diphtheria toxin B hybrid. 

Structure 

One embodiment of the hybrid molecule of the invention is a three-part hybrid protein which includes (1) 
a cell-binding domain ; (2) a translocation domain, such as that of diphtheria toxin ; and (3) a polypeptide to 
25 be introduced into the cell, ^ protein as is the 

translocation domain sequence. The cell-binding domain may be generalized (i.e., it is capable of binding the 
hybrid mdeeule to a wide variety of ceil types- ^ 

toxin), or specific for one or a few types of cells. The third part of the hybrid is covaientty linked to the translo- 
cation domain, such that the translocation domain Is capable of translocating the third part into or across the 
so membrane of the cell to which the cell-binding portion of the hybrid is bound. This third part maybe, for example, 
an enzymatically active polypeptide, an antigen-binding portion of a monoclonal antibody, or a detectable label 
such as a fluorescent dye. It may not, however, be a fragment of the same naturally-occurring molecule from 
which the translocation domain originates. 

Naturally-occurring proteins which are known to have a translocation domain indude diphtheria toxin and 
35 Pseudomonas exotoxin A, and may indude other toxins and non-toxin molecules, as well. The translocation 
domains of diphtheria tcxm and Psetidom weil characterized (see, e.g^ Hoch etaL, Proa 

Natl. Acad. Set USA 82 :1692-1696, 1985; Cotombatti et al., J. Bid. Cham. 261 :3030-3035, 1986 ; arid 
Deleerset al., FEBS 160 :82-86, 19$3); and the ta^ 

may be determined by methods such as those employed by Hwang et al., Cell 48 :129-1 36, 1987 ; and Gray 
& et^Pitk* Nal Acad Sci. USA 81 ^645-2649, 1984. 
liieseg^ 

the generalized cell-binding domain of the naturally-occurring molecule Truncation of Fragment B to the seg- 
ment marked B' effectively eliminates the cell4>inding function of diphtheria toxin while retaining the translo- 
cation fanction of the mofad^ 

45 Ihe Sph 1 restriction site may be used for the translocation domain ; however, if the hybrid indudes a cell-binding 
region other than that of diphtheria toxin, the portion of Fragment B downstream from the Sph f site may be 
induded only if it does not indude sequences encoding a sufficient part of the diphthena toxin receptor-binding 
domain to yield a functional diphtheria toxin receptor-binding domain. 

The part of the hybrid protein contributed by the polypeptide ligand can consist of the entire ligand, or a 
SO portion of the ligand which Indudes the entire binding domain of the ligand, or an effective portion of the binding 
domain. When the ligand being used is large, ft is desirable that as little of the non-binding portion as possible 
of the ligand be induded, so that the binding domain of the molecule fe positioned dose to the translocation 
dw^a It is also diesira We to indude aD or most of the binding domain of the ligand molecule. 

The polypeptide portions of the hybnds of the invention are conveniently made using recombinant DNA 
55 techniques involving forming the desired fused gene encoding the hybrid protein, and then expressing the fused 
gene. Chemical cross-linking is utffized only where one or more of We jparts of ^ 
polypeptides. 

Standard procedures for DNA doning, cell transformation and piasmid isolation (as described, for example, 
by Maniatis et al., Molecular Cloning : A Laboratory Manual. Cold Spring Harbor Laboratory. Cold Spring Har- 
bor, NY, 1982), and for oligodeoxynudeotide synthesis; ttuld be employed to carty 



10 



15 



ikins; 

s Example 1. Fusion of a gene fragment encoding diphtheria toxin B' with sequence encoding 
cell-binding portions of various ligands ; labeling and use of the resultant hybrid polypeptides 

Referring to Figs, 2 and 3, the location and orientation of the diphtheria tox operon on the 3.9fcfo BamH I 
restrichon fragment of corynephage allows the tox operon to be cleaved at a desired location, and the des- 
10 ired portion of the operon to be fused with the desired portion of the gene for a selected polypeptide Iigand. 

Gene fusions of the invention may be made as follows. First, the Nsil-Sphl fragment encoding most of Frag- 
merit B' {Fig. 3) is isolated from the tox gene of pfasmid pABM506 (Murphy et a!. t Proa Nafi. Acad. Set USA 
83;825$^ 

is 5« C ATG TCA QTh GGT AGC TCA TTG TCA TGC A3 1 

3 ' ••' AGT CAT CCA TCG AGT AAC AST 

encoding frafet:-S£r-Vai^£^ 

1/2 ■ 1/2 
Ncbl Msif 

id . . . .; ■ • " -"- ; •••• £ji 

and the following linker fe ligated into the 3' (Sphl) end : 

M M .5* ■ 

3 • G TAC GTA CTT TCG A 5 » 

2s ■ . i/2 • • 1/2 

The resulting fragment is then cloned into Ncol + Hindlll-digested pKK233-2 (Pharmacia, Piscataway, NJ). 
This modification allows the expression of Fragment B' to be driven off the to promoter (P^ in £.cofi . The 
30 SphI site permits in-frame fusion with a gene sequence encoding the binding domain of a peptide tigencL 

Generally, the manipulative operations are carried out using cloning vectors ; e.g., phages orplasmids. 
The genefic material coding for the binding domain of the polypeptide Iigand can be either DNA cloned from a 
natural source, or a synthetic oligonucleotide sequence. Generally the fused gene will reside on a cloning vec- 
tor, e.g., a piasmld or a phage, which is used to transform cultured bacteria, yeast or tissue culture host cells. 
35 The hybrid protein is then harvested from the cells using conventional techniques. Purification of the hybrid 
proteins of the invention, regardless of the polypeptide Iigand used, can be carried out via affinity 
chromotography, using a monoclonal antibody against diphtheria toxin Fragment B. 
: The purified hybrid protein of the invention may be used as a transport system to carry a detectable label 
into specific cells. The label which is attached to the hybrid protein molecule can be any conventional atom or 
40 molecule used for dtagnosficlai^ technitium iso- 

topes, NMR reporter groups, and fluorescent dyes. The most preferred labels are hydrophobJc labels such as 
fluorescent dyes (most conventional fluorescent dyes happen to be hydrophobic) which are incorporated Into 
the cytoplasmic membrane of target cells, as will be explained in more detail below. Labels can be attached 
to the hybrid protein according to conventional labeling techniques. Labels are used in an amount (e.g., brie 
45 or two label molecules per protein molecule) which does not interfere with the binding or ceil penetration func- 
tions of the hybrid proton molecule. ' 

cells, a class determined by the specific polypeptide Bgand which imparts the binding domain of the hybrid 
molecule. The specific brnding domain of the polypeptide iigand portion selectively binds to those cells ; the 
so labeled molecule is then taken up by the cells via receptor-mediated endocytosis, and the label subsequently 
is delivered to the cell membrane and/or the cytoplasm of the target cells. 

The process by which a labeled hybrid protein of the invention can be incorporated into cells can be sum- 
marized as fbflows. The labeled hybrid protein Is taken up by target cells via receptor-r^ 
into an endocytic vesicle; thereafter a pH differential across the membrane of the endocytiq vesicle is 
55 established as a result of the cell's ATP-dependent proton pump. The pH differential across the membrane 
causes the hybrid protein, including its lipid-associating portion and its label, to be inserted into the plane of 
the membrane of the endocytic veside. The hydros 

membrane, protected from the rapid enzymatic degradation which would occur were the labeled protein to 
reside in the cytoplasm or in the lumen of the endocytic vesicle. 

After insertion into the plane of the membrane of ^eeruilo^cveside; the labeled hybrid protein can "traf- 
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n 



-Altar- 



fic", as follows. The 
the cell, where it can merge with a 
5 natively, the endocytic vesicle can recycle 
remains trapped in the target ceQ. 

As b mentioned above, a major diagnostic use 
detection of metastatic loci, 
of particular value In surgery, 



15 

(see Fig. 5) was prepared from a Vibrio cholera DMA library as described by Mekalanos et al. (Nature 306 :551- 
557, 1983). Fig. 6 outlines the strategy employed in engineering a clidera toxin At^iphtherla toxm B'-IL2gene. 
Briefly, pCVD2 was cleaved with the restriction enzyme Xbat at the unique Xbaf site. The following synthetic 
linker, which has 1/2 of an Xbal site at each end, was 
20 Ncol site upstream from the Xbal site : 



hybrid protein 



25 



30 



5' C TAG ACC ATG GGA AAT GAT GAT AAG TTA- 
3' TGG TAC CCT TTA CTA CTA TTC AAT- 

finet-Gly-Asn-Asp-Asp-Lys-Leu- 



- 4m &g<s gca gat t 

- ATA GGG <^T CTA AGA TC - S 1 

- Ttyr^Ar^Ala-ife 

1/2 



(cdnfc . ) 



D 



40 



*5 



was 



Nco1-Oal fragment This In turn was digested with ScrFL The 3* end 
Ijgated to ^ 



3 1 - • CCA AGT C • > : " - S • 



The polyjjeptide 

ence, having instead fmet-Gly followed by the mature At region of cholera toxin* followed by Gly-SeM5ly-Pro. 
This construct can be cloned Into a plasmid that encodes diphtheria toxin fragment B' fused to the human inter- 
leuWn-2gene(plasmidpPA123 f Fig. 7). Plasmid pPA123 was constructed from plasmid pDW1 24 {Diane Wfl- 
60 Hams, Ph.D. dissertation, Boston University School of Medicine, Department of Microbiology, Boston, MA. 
02118, 1989) as outlined in Fig. 7. Plasmid pDW124 encodes a diphtheria toxin fragment A-fragment BML2 



an 



5$ reate the NcoT&teen< 
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I : 

i 



5 1 * 
3 • - 



C ATG GGG TCA GAT GGG CCC TGT GCA GGA AAT CGT GTC- 
G€ AGT CTA CCC GGG AGA CGT GGT TTA GGA CAG- 



id (cdnt. ) 



-AGG CGA TCA GTA GGT AGC TCA TTG TCA TGC A 
-TCC GCT AGT CAT CCA TCG AGT AAC AGT 
-Arg-Arg^iSer-Vai-Gly-^ 
Sau3AI 



Y5 



niehtAitd#fi^ 
20 to yield a plasmid encoding a 



encoding cholera toxin frag- 




f, which is 
^n: be isolated 



25 the IL2 receptor, such as certain leukemic T-ceils. However, the pharmacological effectiveness of diphtheria 



30 



35 



on T-cells, By first exposing the target 
I to alleviate this problem, 
h of a GTP-binding regu- 



ted I ceil and thereby disrupting a multitude of cellular functions without kSOng the cell. Targeting the cholera 

tion of IL2 synthesis 



hybrid protein 



, and use of the resultant 



! 

Li 



are shown In Fig, 8. Bacteriophage «1 9B DNAfrom a strain ofExofi that produces SLT-A is prepared as des- 
dibedbyC^ 

A T^l-Xmnl fragment (appro* 650 bp) corresponding to most of the coding sequence for SLT^A (the "sftA 



5* - CATS GGA AAG GAA . TTT AGC TTA GAG TTC T 3" 

- cct 4m \ cm aaa tgg ajce ere aag agc - s r 

peptide : froet-Gly^Lys^Glu-Phe^ 



40 



55 This oligonucleotide sequence provides an fmet-Gly coding sequence followed by a sequence coding for 

the first eight amino acids of the mature SLT A subunit, to replace the section of the natural gene (coding for 
the toxin signal peptide and same eight amino acids of the mature SLT A subunit) which was cleaved off during 

t a 1/2 Ncol site at the 5* end of the 



45 



50 



55 
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tion) for the carboxyi end of the SLT A subunit uo to the Initial Cvs ccKk>n. and tntroduces an Apa] restncfion 



$* - ATT TGT TTT GGA AGC ATT AAT GCA ATT CTG- 
3 « - TAA AGA AAA GCT TGfc TAA TTA GGT TAA GAC- 
peptide: i:j&rSe^ 



io 

(qoftt.) -GGA AGC GTG GGA TTA ATA CTG AAT GGG CC ~3 1 
-OCT TGG CAG GGT AAT TAT G AC TTA C S % 

-GlY-Ser-Val^A^ 

The Nco kApal sltA gene sequence can be ilgated Into a Ncol + Apal^figested plasrrad pPA123 (Fig. 7) to 
yield a SLTA-diphtheria toxin BML2 CSLTA/DTB'/IL2 hybrid - ) gene that can be expressed in E.cdl from the 
20 trc promoter on the plasmid (see Fig. 9). 
Analternativ*^ 
IL2 hybrid is fllustrated in Fig. 10. 

Purified SLTA/DTB7IL2 hybrid protein would be useful as a treatment for conditions involving overproduc- 
tion of cells bearing IL2 receptors, such as certain T-ceil lymphomas and organ transplant rejection crises. As 
25 is the case for diphtheria toxin-IL2, the IL2 portion of the hybrid causes the hybrid to attach specifically to IL2- 
receptor-bearing cells, so that the enzymatic portion of the hybrid can be inserted into the targeted ceil ; the 



3a 

of cleaving ribosomal RNA at a critical site, thereby Inactivating the ribosome. SLTA/DTB7IL2 hybrid would 
therefore be useful as a treatment for the same indications as diphtheria toxin-IL2 hybrid, and could be substi- 
tuted if, for example, the proliferating T-cefls develop a resistance to the latter hybrid toxin. 

35 '. • ; C ' " ■ ' •'■ : - : •.•.'*• ■ "* .; :•>.••:.•. 

Example 4. Construction of rlcln A-diphtheria toxin B'- IL2 gene, and use of the resultant hybrid 

, - - : • protein 

A genomic clone bank of castor bean (Ridnus communis) DNA is prepared as descrfoed In Hailing et at, 
40 Nucl. Acids Res. 13 ;8019-8033, 1985 f and a -780bp Banl fragment of the ridn gene, corresponding to most 
of the ricin A domain (the enzymatic domain) and a portion of the ricin A-to-B linker peptide, is isolated therefrom 
(see Fig. 11). The following synthetic oligonucleotide is ligated onto both ends of trie fragment, phosphoryiating 
only the bottom strand of DNA shown : 



down protein synthesis, thus Idling the ceU. The difference between trmse two types of hybrid toxins is the nat- 
ure of their enzymatic activities : the enzymatic portion of diphtheria toxin-IL2 hybrid catalyzes the ADP-f3>osy- 



51— C ATG GCT ATA TTC CGC AAA CAA TAC CCA ATT- 

3 « - CGA TAT AAG GGG TTT GTT ATG GGT TAA- 

Peptide: fnet-Ala^i;^ 

1/2 •' 



(cont*) -ATA AAC TTT ACC ACA GCG G - 3* 

-TAT TTG AAA TGG TGT CGC CCA CG - 5 1 
-Ile-Asri-Phe-^r-T^ 



Banl 

The resulting ligated fragment (Olustrated in Fig. 11) is partially digested with FspU arid the ^78bbpband cor- 
responding to a Baril-Fspl ricin A gene fragment with a Ncol-Banl linker at the 5' end is isolated <see Fig. 11). 
The Ncol-Banl lirUcer supplies the mature ridn A N-terminal amino add codons which were deaved from the 



f 



fragment during Bant digestion, as well as the codons for fmet-Ala to replace the naSural ijdn A signal peptide. 
The foflowing oligonucleotide is figated onto the 3* (FspQ blunt ^d of »e fragment, jihbsphdrylating bnly 
5 the top strand shown : 

5< CCA OCT CCA CCA TCG TtA CAG TTT GGG CC - 3 1 
3 r - CGT GGA GGT GGT AGC AGT GTC AAA C - 5 1 

Peptide: Ala-Prq-Pro^Pro-Ser-Se^ 
16 1/2 1/2 

: . ■ Apa i • 

This linker supplies the ricin A coding sequence deaved from the 3' end of the ricin A fragment during the Fspl 
digest, plus a 1/2 Apal sfte for fusion to plastnid pPAl 23. 
15 The completed construct is then cloned Into Ncot/Apal -diqested pPA123to yield a ricin A^phtheria toxin 
BML2 gene that can he expressed in Exoti from the tor promoter on the plasmid (see Fig. 12). 

Purified ricin A-diphtheria toxin 8ML2 hybrid, like the SLTA/DTB7IL2 hybrid of Example 3, Inactivates ribo- 
somes In < 



0 



The ricin A hybrid would thus have the sa™ hybrid, as discussed in Example 

Example 5, Construction of phenylalanine hydroxylase- diphtheria toxin B gene, and use of the 
resultant hybrid protein. 

25 A human Over cDNA library is screened for phenylalanine hydroxylase CPU*) cDNA aS des^ 

et ai.. Biochera 24 :556-561. 1985. The approximateiy 1 160-bp EcoRII-Aflll fragment that encodes most of the 
PH protein is isolated (see Figs. 13 and 14). The following linkers are ligated onto the S'EcoRllend in order 
to recreate the y coding sequences and incorporated 

3d 5 r ' - C ATG TCC ACT GCG GTC CTG GAA AAC 3 « 

3 • - AGG TGA CGC CAG GAC CTT TOG GGT CC - 5 f 

fiaet-Ser--Thr-Ala--Val-Leu--Gln-Asn-Pro--Gly 
Kco l 1/2 

' •: : s6ickY v^d:'' \\ . ecorii 



The fdidwing linkers are ligated onto the 3' Aflll end to complete the PH coding sequence and to include 
an Apal restriction site in the ^ 
ences (Fig. 14) : 

5 • — TT AAG ATT TTG GCT GAT TCC ATT AAC AGT GAA ATT GGA- 
3 1 C TAA AAC CGA CTA AGG TAA TTG TCA CTT TAA CCT- 
Lys-Ile-Leu-Ala-Asp-Ser-Ile-Asn^Ser^Glu-Ile-Gly- 

•• 1/2 ■ . : - 

mm 



(con tO -ATC CTT TGC AGT GGC CTC GAG AAA ATA AAG GGG CG - 3 * 
-TAG GAA ACG TCA CGG GAG GTC TTT? TAT TTC C - 5 1 

so -IleHLeu-Cys-Ser-AlaHteu^^ 



This fragment is then figated onto the NcolApal digested pPA123 vector (Fijj. 14) lesuiting in a plasmid 
55 that en<xries phenylalanine h Finally, this plasmid Is digested with 

[ EcoRI and Sphl to remove IL-2 encoding sequences, which are replaced by the approximately 230 bp Sphl - 

[ : ; E^frajgrneiitof eofyneln^ 

completed construct codes for a PH-diphtheria toxin B hybrid protein that can be expressed in Exoli from the 
trc promoter on the plasmid (see Rg. 14) 

The inherited disorder phenylketonuria, in which the inability to metabolize phenylalanine leads to an 



n 



■ i 



Li 



accumulation of excess phenylalanine and pos^ble brain damage in affected individuais, has been attributed 
to a genetic deficiency of the enzyme PH. By constructing a molecule in which active PH enzyme is linked to 
5 the cell-binding and translocation domains of diphtheria toxin Fragment B, the enzyme can be targeted to and 
incorporate^ 

ia£i 



aii 



the resultant hybrid protein. 

A recombinant gene expressing a novel protein, an antigen-binding, single-poly peptide-chain analog of a 
monoclonal antibody composed of an antibody variable light-chain amino acid sequence (VJ linked to a variable 
15 heaAo^aJh^uence^ 

426, 1988, based upon the V L and V H sequences of a monoclonal antibody specific for and able to inactivate 
HIV protease (Hansen eta!., EmboJ.7 rf785-1791, 1988) and a linker peptide designed by the method of Bird 
etal. The ends of the V L -tinker-V H gene are modified with appropriate restriction enzymes and synthetic DNA 
linkers In order to produce an intact V L -Hnker-V H gene having 1/2 of a Nool site atthe 5' end and 1/2 of an Apal 
20 site at the 3' end. The gene Is then doned Into Ncof + ApaMigested pPA1 23 to produce a plasmid expressing, 
from the frc promoter, an HIV protease-binding protein-diphtheria toxin BML2 hybrid protein ("HMP- 
BP/&t&m2 hyt^l. 

viral protein In particular, the HtV protease, plays a critical role in the processing of other viral proteins ; iderv 
tif^hga^ 

> developing an effective AIDS therapy (see, e.g., I 

i protease-spedfic Inhibitor specifically to activated T-cells bearing the 1L2 receptor, and thus can be effective 

■it?, 

n viral infedwns or genetic disorders. 



lated and used to treat an HIV infection in a human patient The HIV virus Infects and proliferates within T-cells, 



Other Embodiments 



hormones are useful such Ogands. Hybrid protein^ to 

can selectively bind to melanocytes, rendering hybrids, once labelled with a detectable label, useful In the diag- 
nosis of melanoma and the in vivo and In vitro detection of metastte melanoma tod. Such a hybrid, When 
40 attached to an enzymaticafly-active portion of a toxin molecule instead of to a detectable label, could be utSized 



tern containing substance P receptors. Other spedfic-binding ligands which can be used indude insulin, 
45 somatostatin. EGF, and Interieukins 1. H, 111, IV and VL Interleukin 11 is of particular importance because of its 



. i vated T cells. Other useful polypeptide ligands haying cell-spedftc binding domains are foOide stimulating hor- 

mone (specific for ovarian cells), luteinizing hormone {specific for ovarian cells), thyroid stimulating hormone 
• (spedfic for thyroid ceDs), vasopressin (specific for uterine cells, as well as bladder and intestinal cells), pro- 

j : 5a lacfin {specific for breast cells), and growth honrwne (specffic for certain bone cells). ^ 

^ indiscriminate cell-binding Itgand (such as that of diphtheria toxin or ricin toxin) capable of binding to a wide 

variety of cell types in an organism can be used to effect widespread ^lioduction of a specific chemical entity 
f ) into cells of that organism, where more specific targeting Is not the goal. 

For a number of cell-specific ligands, the region within each such ligand in which the binding domain is 
55 located is now known. Furthermore, recent advances in solid phase polypeptide synthesis enable those skilled 

of 



which exhibfts the o^sir^ 

minor sequence variafions may be synthesized, tested for their ablity to -bind to cejls, aiKi incorporated Into 



1* 



!! 



Li 
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thehyb^^^ 

dngje^ainaiid where the antigen is a receptor or other moiety expressed on 

5 the surface of the target cell membrane. 

The translocation function of the hybrid molecule may be supplied by an appropriate piece of a polypeptide 
other than diphtheria toxin, but which is capable of translocating in a manner analogous to that of diphtheria 
toxin {e.g., Pseuctoironas exotoxin A botulinuro, neurotoxin, or riclnl or In any other manner which accom- 
plishes the objective of translocating the functional third part" of the hybrid molecule into the cell's cytoplasm. 

10 Tliechemical entity to be inserted intothe cell can vary widely and still be withinthe invention. For example, 



rid having a cell-binding domain specific for the cells most affected by the disease, nerve cells. Patients suffering 

I a-1 ,4-glucosidase linked to the translocation 

is phocytes. {See Poznansky et al.. Science 223:1304-1306, 1984.) These are simply examples : any other 

amenable 
I ccinpnsing 

the active enzyme linked to a translocation domain linked to an appropriate cell-binding KgamL 

Intraceflular viral and bacterial Infections could be treated by an appropriate hybrid : for example, a hybrid 
2P which delivers into the cell a potent antibiotic, or a recombinant V t -4inker-V H antigen-binding polypeptide which 
specifically binds viral particles or proteins. 

Likewise, the hybrid of the invention will be useful for specifically destroying <teh^ 
era toxin Af-hybrid, ricin A-hybrid and Shiga-fike toxin A-hybrid exemplified above, a cell-killing function may 
be provided by the enzymaticaBy-active portion of any polypeptide toxin, including but not limited to LT toxin, 
25 C3 toxin, Shiga toxin, pertussis toxin, tetanus toxin and Pseudomonas exotoxin A. Cells to be targeted might 



manipulatihg th« rec« using methods well 

known to those of ordinary skiU in the art of genetic engineering^ a series of mutations involving delefens and/or 
p 3b substitutions of individual or multiple base pairs in such re«OT^binant^D 

J ; mutated sequence is then inserted into an expression vector and expressed in an appropriate expression sys- 

' : tern. The biological activity of the mutational analog so produced can then be compared to that exhibited by 

the hybrid molecule of which ft is an analog (the "parent polypeptide*). The particular assay used will depend 
upon the particular enzymatic activity and cell-binding specificity of the parent polypeptide. For example, 
35 mutational analogs of the Shiga-iace toxin A/diphtheria toxin B'/IL2 (SLTA/DTB71L2) hybrid, the cholera toxin 



and airnpared to tteir respective parent polypeptides in the foObwing cell cytbtbxidty^a^ 



40 • ' Assay ; : 'r • ^\fY:^ : : : ^ 

Cultured HUT 102/6TG {Tsudo et al, Proc Natl. Acad. ScL USA 83 :9694, 1986) or YT2C2 {Teshigawari 
et at. J, Exp. Wed. 1 65 >223, 1987) cells are iralritairied W 
supplemented wim 10% fetal bo^ 
. 45 to 50 IU and 50 ug/ml, respectively. Cells are seeded In 96-welt V-bottomed plates {Unbro-Flow Laboratories, 
McLean, VA) at a concentration of 5 x 10 4 per well In complete medium. Putative toxins are added to varying 
concentrations {KH*M to 1<HM) and the cultures are incubated for 18 hrs. at 37°C in a 5% GOj atmosphere. 



ir. Bos- 

so ton, MA). After an additional 90 min. at 37°C, the plates are centrifuged for 5 mia at 170 x 9, the medium is 



trichloroacetic acid and the insoluble material is then collected on glass fiber filters using a cell harvester {Skat- 
ron, Steriing, VA). Filters are washed, dried, and counted acceding to staiidar^ 
medium alone serve as the control. 
55 Where IU replaces IL2 as tte ce^ the hybrid and its mutational 

analogs may be tested by a ^ ^^1^^!^^^: 
CT^ 
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Claims . 

A hybrid molecule comprising a first part, a second part, and a third part connected by covalent bonds, 

(a) said first part comprising a portion of the binding domain of a cell-binding ligand, said pb^n befrig 
effective to cause said hybrid molecule to bind to a cell of an animal ; 

(b) said second part comprising a portion of a translocation domain of a protein capable of tra 
said third part across the cytoplasmk: membrane of said ceil ; and 

(c) said third part entity to be introduced into said cell, provided that ©said hybrid 
mdecdeis pi^ said hybrid mdecut^, 
and said second pa^ and siid third part are not segments of the same nahii^iy^ccurring polypep- 

*5 2. A hybrid molecule comprising a first part, a second part, and a third part connected by covalent bonds, 

i(a) said first part comprising a portion of the binding domain of* ; 

effective to cause said hybrid molecule to bind to a cell of an animal ; 

(b) said second part comprising a jxwt^ 

said third part across 
20 (c) said third part comprising a d>eirtcalen% to 

part and said second part are not segments of the same naturally-occurring polypeptide toxin, and 00 

:saW s^nd part and sWd to 

1 Thehyfcrfr toxin. 

toxin and Pseudomonas exotoxin A. 

5. The hybrid ihoiecuto df da&n 1 ordaim2^^ 

30 

6. The hybrid ttwlecule of claim S, wherein sakJ hdrmbne Is selected from the group consisting of in^^ 
le^^ 

;7; T^hybridmd^ 

is '• . •:: • - •• : ' ,. : •;' 

i The hybrid moleoufe of daim 1 or claim 2, wherein saidligand is an antigen-binding, single-chain analog 
of a monoclonal antibody, and said antigen is expressed on the surface of said ce|L 

9, The hybrid molecule©^ 
'/&>:". said cell. 

id. The hyt^ mdeoule of chaim whaineiii any adjacent ^^.^pai^;$^ fcbift^ 
covalent bond between said two parts Is a peptide bond. 

45 11. The hybrid molecule of claim 10, wherein said first part and said third part each comprises a polypeptide 
V arid said hybrid^ 

12. Tttet^tfihascd^ 
portion of an enzyme. 

1& The hybrid m^ 

14. The hybrid molecule of claim 13, wherein said enzyme is selected frtw the gr^ 
toxin, LT toxin, C3 toxin* Shtgd tc^ri; § 

55 diphtheria foxta^^ 

15. The hybrid^^n^ 

; 1(S^1^ehy^ 
; nld^A*:^ 
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17. The hybrid molecule of claim 12, wherein said enzymatically-active portion supplies an enzymatic activity 
in which said cell is deficient 

1Si The hybrid molecule of claim 1 or daim 2, wherein said chemical entity comprises an antigen- binding, sin- 
gle-chain analog of a monoclonal antibody. 

20. The hybrid molecule of claim 19, wherein said antigen is a viral protein. 

21. The hybrid molecule of claim 20, wherein said viral protein Is HIV protease. 

22. A hybrid polypeptide mble^ 
2l A hybrid r^ypeptide^^m 

24. A hybrid polypeptide m comprising ridn A-diphtheria to)dn BMU hybrid. 

25. A hybrid polypeptide molecule encoded by the phenylalanine hydroxylase-diphmeria toxin fragment B gene 

; #F&ii. : ; x: 

26; A hybrid polypeptide irwtecdja 

27. A hybrid polypeptide molecuie comprising a biologically active mutational analog of the hybrid molecule of 
any of daims 22-26. 

28. A tj^tjffk! :|krfypep&de mdl bciifd comprising arvenzyma^ apqr^ 
tionofa binding domain of a c^l^ 

five to cause said hybrid mdecule to bind to a 

30. Ainettwdqftr^ characterized the er^me d^^ency ofdaim 17, satcf 
method comprising 

31. A method of raising me cydic AMP lev^ method comprising contacting said target 
cell with the hybrid molecule of daim 15. 

32. the method of daim 31, wherein said target ceil is a T cell and ^ 
portion of the binding domain of Interteukin II. 

33. A method of treating a human patient inferte^ 

patient an effective amount of the hybrid molecule of claim 21. 

34. A recombinant DNA molecule encoding the hybrid protein of daim 1 or claim 2. 

35. A vector comprising the recombinant DNA molecule of daim 34. 

36. A ceil containing the recombinant DNA molecule of claim 34. 

57. The cell of claim 36, wherein said cell Is capable of expressing said recombinant DNA molecule. 

38. A method of preparing the hybrid molecule of daim 1 or daim 2, said method comprising 
providing a ceH contorting a ^ 
formed cell"), and 

permitting said transformed^ to express said re^ 
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| j ACTMTY 



Arg 



Xys fi 



^©3 
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-DOMAINS 



'201 



FRAGMENT B 
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I 



/ ^471 



BINDING DOMAIN 



FIG I 



Li 
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Soj3AI(-I77) 
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HE 
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pABM508 1^,,, mi * (/2|Sjsii 
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^::i(€>' ; ' i ^-'.:^'?V ; ;. : !;':' : 
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FIG. 5-1 



10 2© 30 46 • 60 : - . 60 



AtGOtAAAGATAATATTTQfGTTTTtTATTTTCfTATGATCAfTTTCATATGCA 
METValLysl let lePheValPhaPhel lePheLeuSerSerPheSerTyrAI a AsnAsp 

toy'. . : ;«J so- .-, 1k10Q : '' -3 0$, 



A 



1 |Xbdt 
rrc 



GATAAGTTATATCGGGCAGAT TCTAGAC CfCCtGAtGAAATAAAGCAGTCAGGTGGTCTT 
AspLysLeuTyrArgA I aAspSer ArgProProAspGI u 1 1 eUysG I nSerGI yG I yLeu 

130 140 160 160 170 180 

ATGCCAAGAGGACAGAGTCAGTACTTTGACCGAGGTACTCAAATGAATATCAACCTTTAT 
METPrbArflG I yG I hSerG I nTyrPheAapArgG I yThrG I nMETAsnl 1 eAsnLeuTyr 

190 • 200 '2*0 >\ 220 ' -230. • .240 . 

. { . I ' ' ■ ' I . .. = ' I. ■ , ;:'!, . ... , "I 

QATCATGCAAGAGGAACTCAGACGGGATTTGTTAGGCACGATGATGGATATGTTTCCACC 
AspH I sA I aAr 00 1 y Tli^Glhf h 

tSO 260 270 280 290 300 

J S ! t i i 

TCAATTAGTTTGAGAAGTG0CCACTTAGT^ 

Ser 1 1 eSerLeUAroSerA I ati I sLeuVa IG I yG I nThr I I eLeuSerG I yH I sSer f hr 

' 310 :-320"' : ' ' ^sS^^'-V'-: ;S$&> 

' i • - } J ! . ... I , . I . 

TAW 

TyrTyr 1 1 efyrval i leAlaThrAlaProAsnMETPheAsriVal AsnAspVa I LeuA I a 

370 380 390 400 410 4 2 0 

GCATAeAG*CCTCAtC^^ 

A I aTyr SerProM i sPfoaspG I uG 1 nQ 1 UVa l ser Al aLeuQ I yG I y 1 1 eProTyrSer 

• ia " 
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RG. 5-2 



430 440 460 ■ 460 . 470 • 480 

{ J " • I .... . 41 - .- :l 

^AAATATATGGATGGTATCGAQTTCATTTtGGSGTGCTteAtGAAGAATTACATCGTAAT 
G I n 1 1 eTyrG I yf rpTy r ArgVa » H 1 sPheG I yVa I LeuAspG J uG I nteuH I sArgAsn 

= 4Qt) V ' G0Q- 6 IP 620 53 b ■ ■ / 540 

AGGGGCTACAGAGATAGATATTACAGTAACTTAGATATTGCTCCAGCAGCAGATGGTTAT 

ArgGiytyrArgAipA^^^ 

650 • £60 ': Sbft 

GGATTGGCAGGTTTCCCTCGGGAGCAirAGAGCTTGGAGGGAAGAGCCGTGGATTCATC 

GlyLeuA I aGlyPheProProG luHlsArgA I aTr p A r gG I uG I uProTrp I l eH IsHls 

• ^&ib " 620 : ' ^'f©' .. ' ' ":-64b'V- : ' ■ ;65b •'• . 660 

•■' I T-I; i • • t M: v '"!i •■ V.i:., V. ..- :; i:i : ;*' 

GCACCGOGGGGTTGTGGGAATGCTCCAAGATCATCGATGAGTAATACTTGCGATGAAAAA 
a laPrdiP r og I v^v^A I aAahAi aP rbAr oSerSerMETSe rAshTHr^^Asp^ I oLy s 

• 670 •• '• • " 680 • •• 6^6 " . ■"• ' 700 . 710 720 

a.:- • » . I .. . .... . i ..•-...if 

AGCOAAAGfGtAGiStGtAAAAtt^ 

ThrG I nSerLeuG I yVa I LysPheLeuAspG I iiTyrG I nSerLysVa I LysArgGlnl l e 

730 740 7^0 "p : $0 770 STOP 780 



ttffCAGGCW 

PheSer-G I yfyrGI rtSerAspl leA$#Thr 
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FIG 8-1 



10 20 30 40 50 60 

ATGAAAATAATTATTTTTAGAGT^ 
METLysH lei ^ 



70 . • '• ' ao; • ' • .Tag \ 9b idd ' = . i id ; : - 120 

I I jXL. « < 1 

GTGGCG^AQGAATTTACCTTAGACTTCfTtGAtTGCAAAQACQTATGTAGATTCGCTGAAT 
Va I A I a LysGt uPheThrLeuAspPheSerThrAI aUysThrTyrVa I AspSerLeuAsn 



130 140 150 160 170 180 

GTGAtf ddcf CTGCAAT A<3d 

Val I leArgSerAlal leGlyTnrProLeuGlnThr 1 leSerSerGlyGlyThrSerLeu 



190 ■■' 200 . 210 220 ../*SbvC-, ^ ■ /• 



CTGAtGAtTGATAGTGGeTCAGGGGAtAATTT^ 
Leu MET 1 1 eAspSerGI ySerG I yAspAsnWeuPh^A laVa I AapVa I Ar go I y 1 1 eAsp 



260 260 270 280 ^290 300 

r,.: i J :" ^y;: 111 I 

C^AGAGGAAGGGCGGTTTAATAATCTACGGCTTATTGTTGAACGAAATAATTTATATGTG 
ProG I uG I uGl yArgP heAanA3hLeuArgLeu 1 leva I G I uAr gAariAanLetityr Va I 



310 320 330 340 350 360 

I J I J I ! 

Agaggatttgtt^ 

ThrG I yPheVal AsnArgThrAsnAsnVal PheTyr ArgPheA I aAapPheSerH I sVa I 



370 380 390 400 410 420 

ACXJTTTeCAGGTAGAACAGCGGTfACATTGfcfGGTGACAGTAGCTATACCACGTfACAG 

ThrPheProGJyf hfTnrA I aVa I ThpLeuiefG 
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FIG. 8-2 



430 
I 



440 



450 



4 m 



470 



480 



eGTGTTGCAQQQATCAQTCGTAeGGdiGATQCAQATAAAfC^dCATTCQTTGACTACTTCT 
Ar gN/jk I A l aG t y I I feSer Ar fltThr^^ yMETG i n I l -eA^nA^gH I isfer LeuTfti- tilS^S^r 



49Q SOO : 516 520 530 ' 540 

TATCTGGATT TAATGTCGeATAGTGGAACCTCACTGACGCAGTCTGTGGCAAGAGCGATG 
TyrLeuAspLeu MET SerH I sSerG I yThrSer LeuThrG I nSerVa I A I aArgAla MET 

550 550 570 560 550 600 

TT ACGGTT TGT TACTGTGAC AGCTGAAGCT TT ACGTTT TCGGC A AA T AC AG AGGGGA TTT 
keiiArg^lVeVa -1:tjVr\^i ITrtrAliGfiii^ leGlnArgGl yPW£ ; - 



610 620 530 640 650 660 

CGTACAACACTGGATGATGTCAGtGGGCGTTCTTATGTAATGACTGCTGAAGATGTTGAT 
ArgThrThrL«uAspAspLeuSerG I yArgSerTyrVa iMETThr A I aG I uAspVa I Asp 



670 680 690 700 710 720 

CTTACATTGAACTGGGGAAGGTTGAGTAGCGTCCT6CCTGACTATCATGGACAAGACTCT 
LeuThrLeuAsnTrpGi yAr gLeuSerSerVa I LeuProAspTyrH IsGlyGI nAspSer 



730 

■<Sir^GG^OTA^GA-^ 



740 750 760 770 780 

•••I.':..:.: • .V.. t ■•.•'•■/■vf> ■ v^H;; 'U^ ;;; : v|vi 
[ATTTCTTT TGGAAGCATTAATGCAATTCTGGGAAGCGTGGCATTA 



ValArgVaiGlyArg 1 1 eSerPheG I ySer I leAsnAlal I eLeuG I ySer Va I A I ateu 



790 

i 



800 



Nsi 



810 



820 



830 



: 840t 



AT AG TG AATTGTCATCATCATGC|A]TCGCGAGT TGCCAGAATGGCATCTGATGAGTTTCCT 
1 1 eLeuAsrt^y^H I sH I sH I sA I t|SerAroVa I A, I aArgMETA i aSer AspG I uPhePro 
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FIG 8-3 



' 850 860 ' -alii .'•'/.• 880 ' :;89Q> k. -too 

fCfATGTGTCCGGCAQATOQAAQAfiTCCGTGGGATTAC^ 

SerMgf^^ProAl aAspG I yArgVa I Ar qG I y t I eThrH 1 sAsnLys I 1 eLeuLejuTrp 

910 920 930 940 950 960 
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Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



